
Update on h→γγ+X channel

• Efficiency
• Mass Peak Width
• Acceptance
• Cross-Sections

02/28/2003 Higgs Group Meeting

Alex  Melnitchouk 
Brown University



h→γγ Efficiencies

2. In case of CCCC :      Efficiency = εEM(CC) ^2

1. CCCC+CCEC :                                                
Efficiency = N(CCCC) × εEM(CC)^2 + N(CCEC) × εEM(CC) × εEM(EC)

N(CCCC) + N(CCEC)

where εEM(CC/EC)  is measured in Z → ee data
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Reconstr. 
h→γγ
Width
CCCC 
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 MC width (M=60 GeV)γγ→ h
Entries  281

Mean    58.19

RMS     2.621

 / ndf 2χ  17.14 / 10

p0        5.074± 52.51 

p1        0.132±  58.5 

p2        0.1303±  1.52 

p3         1.03± 5.279 

 MC width (M=60 GeV)γγ→ h
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 MC width (M=70 GeV)γγ→ h
Entries  358

Mean    68.04

RMS     2.748

 / ndf 2χ  18.29 / 12

p0        4.983± 61.13 

p1        0.1306± 68.16 

p2        0.1324± 1.795 

p3        0.9523± 4.437 

 MC width (M=70 GeV)γγ→ h
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Entries  405

Mean    77.41

RMS     3.272

 / ndf 2χ  18.73 / 15

p0        4.125± 53.95 

p1        0.1553± 77.77 

p2        0.161± 2.305 

p3        0.8256± 3.962 

 MC width (M=80 GeV)γγ→ h
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 MC width (M=90 GeV)γγ→ h
Entries  437

Mean    87.29

RMS     3.015

 / ndf 2χ     22 / 15

p0         4.27± 61.02 

p1        0.1438± 87.37 

p2        0.1499± 2.343 

p3        0.8264± 2.827 

 MC width (M=90 GeV)γγ→ h
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 MC width (M=100 GeV)γγ→ h
Entries  432

Mean    97.21

RMS     3.426

 / ndf 2χ  60.59 / 15

p0        4.135± 51.65 

p1        0.1746± 97.45 

p2        0.2158± 2.376 

p3        1.178± 5.394 

 MC width (M=100 GeV)γγ→ h
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 MC width (M=120 GeV)γγ→ h

Entries  471

Mean      117

RMS     3.466

 / ndf 2χ  45.69 / 16

p0        3.997± 53.36 

p1        0.1698± 117.1 

p2        0.1911±  2.53 

p3        1.051± 4.836 

 MC width (M=120 GeV)γγ→ h



Reconstr. 
h→γγ
Width
CCCC+ 
CCEC
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 MC width (M=60 GeV)γγ→ h
Entries  348

Mean    58.35

RMS     2.615

 / ndf 2χ  13.55 / 10

p0        5.569± 66.63 

p1        0.1155± 58.58 

p2        0.1115± 1.563 

p3        1.065± 5.496 

 MC width (M=60 GeV)γγ→ h
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 MC width (M=70 GeV)γγ→ h
Entries  466

Mean    68.24

RMS     2.747

 / ndf 2χ  23.71 / 12

p0        5.511±  78.7 

p1        0.1143± 68.31 

p2        0.1164±  1.85 

p3        1.058± 5.005 

 MC width (M=70 GeV)γγ→ h
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 MC width (M=80 GeV)γγ→ h
Entries  565

Mean    77.74

RMS     3.163

 / ndf 2χ  16.71 / 13

p0        4.878± 79.77 

p1        0.1236± 78.04 

p2        0.1416± -2.335 

p3        1.166± 3.337 

 MC width (M=80 GeV)γγ→ h
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 MC width (M=90 GeV)γγ→ h
Entries  615

Mean    87.58

RMS     3.065

 / ndf 2χ  17.17 / 15

p0          4.8± 82.97 

p1        0.1239± 87.65 

p2        0.1308± 2.361 

p3        1.031± 4.369 

 MC width (M=90 GeV)γγ→ h
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 MC width (M=100 GeV)γγ→ h
Entries  658

Mean    97.44

RMS     3.442

 / ndf 2χ  37.69 / 14

p0        5.033± 79.07 

p1        0.1365± 97.68 

p2         0.17± 2.381 

p3        1.467± 6.801 

 MC width (M=100 GeV)γγ→ h
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 MC width (M=120 GeV)γγ→ h
Entries  689

Mean    117.3

RMS     3.411

 / ndf 2χ  51.31 / 16

p0        4.737± 77.76 

p1         0.14± 117.5 

p2        0.1573± 2.571 

p3        1.215± 6.348 

 MC width (M=120 GeV)γγ→ h
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CCCC 

k(mc→data) =  

σ(Z → ee data)
σ(Z → ee mc) 

= 1.415 ± 0.143 75 80 85 90 95 100 105
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 ee data width (cccc)→ z
Entries  2018

Mean    88.61

RMS     5.806

 / ndf 2χ  41.08 / 18

p0        56.07± 416.8 

p1        0.204±  89.2 

p2        0.4357± 4.428 

p3        5.818± 18.76 

 ee data width (cccc)→ z
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 ee MC width (cccc)→ z
Entries  3545
Mean    87.93
RMS      4.56

 / ndf 2χ  21.66 / 14
p0        29.79±  1109 
p1        0.07025± 88.23 
p2        0.07632± 3.129 
p3         2.72± 14.36 

 ee MC width (cccc)→ z



CCCC+CCEC

k(mc→data) =  

σ(Z → ee data)
σ(Z → ee mc) 
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 ee data width (cccc+ccec)→ z

Entries  3865

Mean    89.31

RMS     5.945

 / ndf 2χ  36.41 / 16

p0        68.88± 657.8 

p1        0.1475± 89.94 

p2        0.304±  3.87 

p3        8.026±    49 

 ee data width (cccc+ccec)→ z
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 ee MC width (cccc+ccec)→ z

Entries  6076

Mean    88.33

RMS     4.528

 / ndf 2χ   38.8 / 14

p0        40.37±  1894 

p1        0.05374± 88.52 

p2        0.06274± 3.111 

p3        3.873± 28.61 

 ee MC width (cccc+ccec)→ z



Trying Additional Energy Smearing                               
on Reconstructed Z → ee MC. Still to work on
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 ee smeared MC width (cccc+ccec)→ z
Entries  6076

Mean    88.34

RMS     5.068

 / ndf 2χ  22.08 / 16

p0        75.39±  1740 

p1        0.07244± 88.31 

p2        0.1321± 3.818 

p3        8.431± 51.33 

 ee smeared MC width (cccc+ccec)→ z
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 / ndf 2χ  36.41 / 16
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p1        0.1475± 89.94 
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 ee data width (cccc+ccec)→ z
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Entries  3545

Mean    87.93

RMS     5.169

 / ndf 2χ   20.3 / 19

p0        45.52±  1179 

p1        0.09513± 87.99 

p2        0.1453± 4.474 

p3        4.047± 10.93 

 ee smeared MC width (cccc)→ z
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Acceptance

• Acceptance =                                                    
η-fiducial+PT × mass window  

acceptance acceptance 

• η-fiducial+PT acceptance is calculated using 
generator level information 

• Mass window  acceptance is calculated using 
reconstructed MC information. 



Acceptance

0.36900.6767 ± 0.0460120
0.34780.6930 ± 0.0468100
0.32580.7401 ± 0.052090
0.29630.7115 ± 0.049580
0.25320.7384 ± 0.046670
0.16950.6946 ± 0.041960

0.53030.6580 ± 0.0405120
0.49840.6878 ± 0.0367100
0.43800.7277 ± 0.044490
0.38670.7386 ± 0.029780
0.30890.7346 ± 0.037070
0.19120.7047± 0.025960
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…And
• count γγ events and estimate background                         

in a window around each mass point

• For each mass calculate 95% CL upper limit                     
on h→γγ cross-section (Br=1)
try using :

- Web based Calculator by John Hobbs  
(Poisson Statistics),

- Recent ROOT based code from Greg Landsberg
(Poisson and Gaussian available)
- Recent code from John with Gaussian  

approximation (still under testing)                           
and compare results

• Calculate corresponding cross-sections using NLO  
HIGLU, VV2H, V2HV programs by M. Spira and 
Avto’s help.



1.23                         1.06            1.241.02911.9 ± 3.8120
3.47 4.38         3.34   3.481.734243.0 ±10.3100

14.71       10.76          10.902.33133117.2 ± 30.290
7.74 10.28        7.54 7.703.228883.6 ± 19.880
10.10 13.07        9.91           10.104.638064.7 ±19.570
12.03 15.87       11.82          12.116.995749.4 ± 16.260

cccc
2.18 2.57            2.08 2.181.024444.0 ± 9.2120

4.99            3.81           3.901.73104103.8 ±17.6100
14.47 10.34 10.432.33253243.1 ± 44.390
10.38          7.70            7.803.22163155.2 ± 28.680
12.19 8.98            9.124.63117107.9 ± 25.770

11.59 15.44 11.74         11.996.997665.6±18.360

95% CL upper limit on cross-section, pb
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Poisson  | Gaussian  | Gaussian | Poisson
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